• Whole-body cortisol concentrations were used to quantify chronic stress in fishes.
H I G H L I G H T S
• Whole-body cortisol concentrations were used to quantify chronic stress in fishes.
• Five species were tested from a degraded and reference stream.
• Associations between habitat quality and stress varied between species.
• Tolerance or plasticity may dictate whether chronic stress occurs.
• Interspecific variability must be considered to assess changes in habitat quality.
G R A P H I C A L A B S T R A C T a b s t r a c t a r t i c l e i n f o

Introduction
Natural landscapes have been heavily modified on a global scale, mainly due to human expansion and the requisite resource acquisition, agriculture, and urban development (Foley et al., 2005; Vitousek et al., 1997) . These activities have led to the degradation of most ecosystems as natural habitats are lost or fragmented (Fahrig, 1997) . Freshwater systems are especially susceptible to human induced habitat destruction (Allan, 2004 , Olden et al., 2010 , Wang et al., 2011 , and freshwater fauna are among the most imperiled groups on earth (Ricciardi and Rasmussen, 1999) . In their natural state, forests and wetlands contribute to healthy aquatic systems by stabilizing flow, decreasing erosion, and reducing sediment and nutrient inputs (Allan, 2004; Miserendino and Masi, 2010; Richardson, 1994) . Human activities, such as urbanization and agriculture, not only remove the benefits provided by these natural habitats, but also alter hydrology, geomorphology, and thermal regimes, while also increasing pollutants, sediment, and nutrient loads (Allan, 2004; Meybeck, 2004; Poff et al., 1997) . Combined, these human-induced changes to natural landscapes have resulted in substantial habitat degradation of aquatic ecosystems (Allan, 2004; Dudgeon et al., 2006) .
Habitat choice has important physiological consequences for animals (Hendry et al., 2011; Huey, 1991) , and reductions in the quality or quantity of suitable habitat can challenge the ability of individuals to persist within a system. For example, agriculture and urbanization are known to alter thermal regimes (Allan, 2004) , which can be problematic as fish are ectothermic and thermal refugia are an important resource for maintaining physiological, metabolic, and behavioral optima (Huey, 1991; Magnuson et al., 1979) . Land use alterations can also alter water quality, in-stream habitat, and forage quality and availability (Allan, 2004; Miserendino et al., 2011; Theodoropoulos and Iliopoulou-Georgudaki, 2010) . The changes to streams resulting from human land use activities place animals, especially natives and specialists, in stressful conditions that often push them to their physiological limits (Adams et al., 2002) . Over time, these processes can result in changes to populations, communities, and eventually the biodiversity of the system (Adams et al., 2002) .
To predict how human disturbance will influence populations, it is important to consider the capacity for adaptation, as well as individual tolerance limits and the potential for acclimatization in novel conditions. A number of techniques are available to answer these questions, including broad-scale examinations, common garden or reciprocal cross experiments, artificial selection, and modeling (Hoffmann and Sgrò, 2011) . While these techniques are useful for characterizing the physiological ability of organisms to respond to anthropogenic environmental change, one problem is that many of these studies tend to focus on generalist species and essentially overlook more sensitive species that may be at risk (Blevins et al., 2013; Conover and Schultz, 1995; Falconer, 1990; Nagrodski et al., 2012) . This is an important aspect as human land use alterations cause drastic changes in a short timeframe, and specialists may lack the physiological scope to adequately respond, causing population declines (Chevin et al., 2010) . To improve our ability to predict the effects of environmental change on biodiversity, it is important that we move beyond a single-species approach and consider the community in studies of organism tolerance.
Using organism-level biological indicators to examine communities, rather than species-level, can help us gain a broader understanding of how habitat changes influence ecosystems and biodiversity. The glucocorticoid (GC) stress response is a biological indicator that can be used to assess physiological function (Hontela et al., 1992; Barton, 2002) , and directly impacts growth, reproduction, and survival (Adams et al., 1989; Adams et al., 2002; Cooke and Suski, 2008) . The stress response is an adaptive mechanism that increases energy available for activities necessary for short-term survival by stimulating widespread catabolic activities such as proteolysis and gluconeogenesis (Mommsen et al., 1999; Romero, 2004) . However, chronic activation of the stress response can become maladaptive by using energetic resources necessary for normal organismal functions, resulting in reduced growth, reproduction, and immune function (Barton, 2002; Mommsen et al., 1999) , and can ultimately increase mortality (Selye, 1973 , Schreck, 2000 . Chronic stress or pollutants can also result in a muted stress response, resulting in the inability to adequately respond to stressors (Barton, 2002; Romero, 2004) . Therefore, altered GC function in substantial portions of populations or communities can be detrimental to their persistence (Dickens and Romero, 2013; Mommsen et al., 1999; Romero and Butler, 2007) . In addition, it is important to examine both baseline and post-stress cortisol levels (i.e., scope for stress response) in concert as either one or both, can be affected by disturbances (Blevins et al., 2013; Homan et al., 2003; Hontela et al., 1992; Martínez-Mota et al., 2007) , and may also return to normal functioning under chronic stress (Barton, 2002; Schreck, 2000) . As such, examining both post-stress and baseline values of cortisol production are critical for detecting individuals or populations experiencing chronic stress (Barton, 2002; Romero, 2004 ). An examination of GC function of multiple species in stream fish communities can give us a better idea of how humaninduced, rapid environmental change is affecting the environment.
The objective of the current study was to quantify the effects of human induced habitat degradation on glucocorticoid levels and the glucocorticoid stress response in a stream fish community. We accomplished this goal by quantifying baseline and post-stress cortisol levels for five sympatric fish species residing in two watersheds that differed in land use characteristics. These species varied in their taxonomic and ecological traits, allowing us to quantify fishes differing in trophic guild and evolutionary history are affected by habitat degradation. We chose to examine glucocorticoid function using tissue extracts (Barcellos et al., 2007; Ramsay et al., 2006; Sink et al., 2007) , as opposed to plasma. This provided a greater size range of fishes that could be sampled as blood collection from small fishes (b 90 mm) becomes challenging, and many of the fish used in this study were below this range. Together, results from this study will improve our understanding of how communities are shaped by environmental disturbances.
Materials and methods
Site selection
The field-sampling component of this study was performed in tributaries of the St. Lawrence River, near Cornwall, ON, Canada (45°01′ 16.59″ N, 74°43′ 49.24″ W) . To quantify the impacts of stream quality on glucocorticoids, it was first necessary to define study sites that varied in environmental characteristics. For this land use and a variety of other stream characteristics were examined. Land use data (Table 1) , were gathered by the Ontario Ministry of Natural Resources and compiled into the Southern Ontario Land Resource Information System (SOLRIS). Using Quantum GIS Lisboa (1.8.0), the SOLRIS database was integrated with a GIS layer developed by the Raisin Region Conservation Authority that delineated watershed boundaries within the study area. Analyses of land use data identified two streams, Hoople and Gunn Creek, which were ideally suited for this study as they differed greatly in land use characteristics and were in close geographic proximity. Hoople Creek's (45°01′ 19.09″ N, 74°59′ 32.37″ W) watershed consisted of about 41% forests and wetlands, while Gunn Creek's (45°11′ 30.57″ N, 74°22′ 32.38″ W) watershed had b10% of forests or wetlands (Table 1) . A large portion of Gunn Creek's watershed consists of agriculture. As a result of land use practices, Gunn Creek had an average total phosphorus (TP) concentration exceeding 100 μg/L during the summer months, while Hoople Creek averaged less than half of that (39 μg/L) (Ontario Ministry of the Environment, 2009 ). Gunn creek also showed signs of fecal contamination and potentially high levels of disease causing organisms in the water, indicated by elevated levels of Escherichia coli bacteria loads, reaching twice the level of Hoople Creek (8.3 CFU/mL and 3.9 CFU/mL, respectively) (Raisin Region Conservation Authority). The Ontario Ministry of the Environment regularly uses Hoople Creek as a reference stream when assessing stream quality because it is considered one of the least impacted streams in this region (Ontario Ministry of the Environment, 2009 ). Seasonal fish community samples were also performed in these streams throughout 2012. These samples showed a higher Shannon-Weiner Diversity in Hoople Creek vs Gunn Creek (2.42 and 1.79, respectively), and found Hoople Creek to have nearly double the effective number of species as Gunn Creek (11.2 and 6.0, respectively; Filgueira et al., 2016) . During our sampling trips Hoople Creek possessed higher dissolved oxygen than Gunn Creek (12.98 mg/L and 9.6 mg/L, respectively), and these dissolved oxygen levels should not be problematic for fishes; both streams were similar in average temperature (9.5°C in Hoople Creek and 10.0°C in Gunn Creek). For these reasons, Hoople Creek was considered to be of high habitat quality and served as a reference stream in this study, while Gunn Creek was considered to be low quality and served as the degraded stream.
Field sampling
Fish sampling for this study was performed over a 2 week period in October 2012, and all procedures were approved by the University of Illinois Institutional Animal Care and Use Committee (Protocol #12058). Using a backpack electrofisher (Halltech Aquatic Research Inc., HT-2000 Battery Backpack Electrofisher), we collected largemouth bass (Micropterus salmoides) (n = 15 from Gunn Creek and 13 from Hoople Creek), white sucker (Catostomus commersonii) (n = 14 from Gunn Creek and 20 from Hoople Creek), brown bullhead (Ameiurus nebulosus) (n = 5 from Gunn Creek and 20 from Hoople Creek), pumpkinseed (Lepomis gibbosus) (n = 21 from Gunn Creek and 17 from Hoople Creek) and logperch (Percina caprodes) (n = 12 from Gunn Creek and 18 from Hoople Creek). These species were chosen because they were among the few that reside in both streams, are taxonomically diverse, and occupy a variety of ecological niches (Table 2) . To reach sufficient sample sizes, both streams required 4 sampling trips. We waited at least 24 h between sampling efforts to allow any potential cortisol elevations in disturbed but uncaptured fish to return to baseline levels (Milligan, 1996; Mommsen et al., 1999; van Raaij et al., 1996) .
Once fish of the target species were stunned by the electrofishing gear, they were immediately netted and assigned to either the baseline or stress treatment. The first fish captured from each species (per stream) was randomly assigned a treatment, and subsequent fish were alternately assigned each treatment. Fish in the baseline treatment were euthanized via cerebral percussion within 30 s of being stunned by the electrofisher, which should precede any cortisol elevation related to electroshocking, handling, or sampling (Maule and Mesa, 1994; Mesa and Schreck, 1989; Romero and Reed, 2005) . Fish assigned to the stress treatment were subjected to a standardized challenge previously shown to induce maximal elevations of circulating cortisol in fish (Cook et al., 2012; O'Connor et al., 2011) . For this, each individual was subjected to 3 min of air exposure while being held in a moist, padded, and covered container, and then transferred to a 20 L bucket filled with fresh stream water to allow circulating cortisol levels to rise. Based on previous literature, 25 min was chosen as the elevation period for largemouth bass (O'Connor et al., 2011) , 40 min for pumpkinseed (Cook et al., 2012) , and 30 min for logperch, white sucker, and brown bullhead (Acerete et al., 2004; Limsuwan et al., 1983) . The different elevation periods were chosen to target the period of maximum cortisol elevation. So, while the elevation period differed between species, the constant was that fish were euthanized at the zenith of the circulating cortisol concentration curve. However, the duration of the stress response has not been established for all species used in this study, so for some we used the most closely related species possible. At the conclusion of the elevation period, fish were euthanized via cerebral percussion. Once euthanized, all fish were measured (total length), wrapped in aluminum foil, and stored in a dry shipper charged with liquid nitrogen for laboratory processing. A small number of fish (n = 9 of 34 total white sucker, spread with 6 from Gunn and 3 from Hoople and n = 5 brown bullhead, spread with 4 from Gunn and 1 from Hoople of 25 total) were too large for a whole-body sample to be taken. Therefore, these fish were cut in half and the posterior body section was brought back to the lab for cortisol processing. The size limitation varied between species, but the smallest fish sectioned was a 130 mm white sucker and the largest was a 240 mm brown bullhead. Sectioning was not expected to influence cortisol values as cortisol is not stored in any tissue or organs after production. Cortisol circulates throughout the entire body within the blood acting on a number of tissues and organs (Mommsen et al., 1999; Romero and Butler, 2007) . That being said, future research is needed to determine if various organs or tissues possess a higher or lower cortisol levels. Sex of the fish used in the study was not determined. In fish, the glucocorticoid stress response usually only differs between sexes immediately before or during the reproductive period (Hanson et al., 2008) . As our study was conducted in October, outside the reproductive period, sex was likely not a significant factor.
Laboratory analysis
Cortisol was extracted from the collected tissues (whole-body except for those fish where only the posterior section was taken) using a modification of the ethyl ether/vegetable oil method outlined and validated by Sink et al. (2007) . Briefly, fish were sectioned in to pieces small enough to use with the homogenizer. The tissue was then weighed (g) and homogenized in 3 mL phosphate buffered saline (PBS), plus an extra 1 mL for fish over 10 g. After homogenization, 100 μL of vegetable oil per gram of fish tissue was added to the sample. The vegetable oil had been previously analyzed to ensure is did not contain cortisol and was added to increase the final extract volume, ensuring each sample could be assayed individually. For fish up to 6.5 g, 7 mL of ethyl ether was then added to the homogenate; for every gram over 6.5 g, samples received 1 mL extra, up to a maximum of 15 mL. The sample was then centrifuged for 10 min at 3000 rpm and placed in a −80°C freezer for 2 h. The unfrozen ethyl ether portion was then decanted into a separate (Sink et al., 2007 (Sink et al., , 2008 . This assay has a detection limit of 0.0567 ng mL − 1 , therefore, samples with cortisol concentrations below the detection limit were assigned values equal to the detection limit prior to calculations of cortisol per gram of fish weight (Haddy and Pankhurst, 1999; Ramsay et al., 2006) . Extraction efficiency was assumed to be comparable those of Sink et al. (2007) . Condition of fish was also assessed using Fulton's Condition Factor (K). Condition could only be determined from fish in which a wholebody sample was taken as weight was not measured until fish were brought back to the lab.
Statistical analysis
For analyses, we were interested in three different metrics related to intraspecific stress: baseline cortisol concentration, post-stress cortisol concentration, and glucocorticoid responsiveness (post-stress-baseline). To determine if baseline and post-stress cortisol levels differed between streams, a Welch's t-test was performed separately for each species (Ruxton, 2006) . Homogeneity of variances is not an assumption of this test; however, the assumption of normality was assessed using a visual inspection of the fitted residuals on a quantile-quantile plot (Anscombe and Tukey, 1963) . If this assumption was not met, data were rank transformed prior to performing a Welsh's t test (Zimmerman and Zumbo, 1993) . To approximate GC responsiveness values within a species, we subtracted mean baseline cortisol concentrations for a stream from the post-stress levels of individual fish sampled from the same stream. While this does not account for variation in baseline concentrations within a stream, it is important to minimize the effect that differences in baseline concentrations between streams will have on the results (i.e. differences in baseline concentrations may cause responsiveness values to appear the same when they aren't). Because both comparing maximal cortisol values and comparing responsiveness with averaged (as opposed to individually measured) baseline cortisol levels are imperfect, both were analyzed to ensure consensus of the results. Responsiveness values were then compared using a Welch's t-test on ranked or raw data, dependent on normality of the data. All statistical analyses were performed using JMP 10.0 (SAS Institute, Cary, NC, USA). Rejection of the null hypothesis (α) for all tests was P ≤ 0.05, and all values are reported as means ± standard error (SE) where appropriate.
The equation for Fulton's Condition Factor (K) is
And, once K was determined, the condition of fish between streams was examined using Welch's t-test. Again the assumption of normality was checked using a visual inspection of the fitted residuals on a quantile-quantile plot (Anscombe and Tukey, 1963) . Logperch data did not meet this assumption and were unable to be normalized, so a non-parametric Wilcoxon Rank-Sum test was performed for this species. Furthermore, condition could not be assessed for brown bullhead as only one fish from Gunn Creek had an accurate weight (the rest were sectioned in the field).
Results
Baseline cortisol levels were unaffected by habitat quality for all species examined except largemouth bass (Fig. 1a) , where a higher baseline cortisol concentration was present in the degraded stream (Gunn Creek) relative to the reference stream (Hoople Creek) (t (12.5) = −2.24, P = 0.022). There were no differences in baseline cortisol concentrations for brown bullhead (t (1.5) = 0.43, P = 0.72), logperch (t (12.04) = 0.79, P = 0.44), pumpkinseed (t (16.89) = −0.52, P = 0.61), or white sucker (t (15.1) = −0.30, P = 0.78) across the two streams examined (Fig. 1b-e) .
Following the stressor treatment, both brown bullhead and logperch demonstrated a difference in post-stress cortisol between streams (Fig. 1b, c) . More specifically, post-stress cortisol concentrations in brown bullhead were 3-times greater in the reference stream than in the degraded stream (t (7.7) = 3.86, P = 0.0026). In contrast, logperch had higher post-stress cortisol concentrations in the degraded stream than in the reference stream, with the mean value from the degraded stream being nearly double that of logperch from the reference stream (t (8.2) = −1.96, P = 0.042). There was no difference in post-stress cortisol concentrations for largemouth bass (t (10.6) = 1.03, P = 0.33), pumpkinseed (t (9.32) = − 0.30, P = 0.77) or white sucker (t (6.6) = 0.058, P = 0.96) between streams (Fig. 1a, d, e) . Table 2 A brief description of the species used in this study and their basic characteristics. Habitat and life history characteristics were obtained from www.fishtraits.info (Frimpong and Angermeier, 2009 ) and feeding preferences were obtained from www.fishbase.org (Froese, 1990 Responsiveness values, defined as post-stress cortisol concentration minus baseline, were then examined. Both brown bullhead and logperch demonstrated a difference in post-stress cortisol between streams (Fig. 1b, c) . More specifically, responsiveness values in brown bullhead were greater in the reference stream than in the degraded stream (t (7.7) = 3.41, P = 0.0048). In contrast, logperch had higher responsiveness values in the degraded stream than in the reference stream (t (8.2) = −2.93, P = 0.0091). There was no difference in responsiveness values for largemouth bass (t (10.6) = 1.5, P = 0.15), pumpkinseed (t (9.32) = −0.26, P = 0.8) or white sucker (t (6.6) = 0.056, P = 0.59) between streams (Fig. 1a, d, e) .
Fish condition between the degraded and reference stream was compared for 4 of the 5 species used in this study. Condition between streams was only found to differ for largemouth bass, having higher condition in the degraded stream (Table 4) .
Discussion
Stream quality significantly influenced the release of glucocorticoids for three of the five fish species examined. Relative to the reference stream, largemouth bass demonstrated elevated baseline levels in the degraded stream, brown bullhead showed an impaired ability to mount a stress response, and logperch exhibited a greater stress response. Cortisol is released under stressful conditions including acute stressors such as failed predation events (Romero, 2004) and fisheries interactions (i.e., capture and release; Suski et al., 2003) or chronic stressors such as habitat fragmentation (Martínez-Mota et al., 2007) and water quality degradation (Hontela et al., 1992) . This is an adaptive response that alters a suite of organismal processes (e.g., behavior, energy allocation) and increases the likelihood of short-term survival (Barton, 2002; Romero, 2004) . Elevated baseline cortisol levels, observed in largemouth bass, likely resulted from chronic activation of the stress axis. This has been shown to occur when animals inhabit sub-optimal habitats, such as those with extreme temperatures, pollution, or insufficient food resources (Dallman and Bhatnagar, 2001; Romero, 2004) . However, largemouth bass residing in the degraded stream possessed higher body condition despite elevated baseline cortisol levels. The cause of this is unclear, but it may mean lack of forage is not an issue in this stream, but other problems related to agricultural development, such as pollution, sedimentation, or habitat degradation or loss (Allan, 2004; Laub and Palmer, 2009) . If an animal is unable to acclimatize to these sub-optimal conditions, chronic cortisol release can lead to impaired immune function and the exhaustion of energy stores, which are necessary for growth and reproduction (Mommsen et al., 1999; Romero, 2004) .
In contrast, the other two species, brown bullhead and yellow perch, demonstrated unchanged baseline cortisol concentrations, but altered stress responses. This can occur for a variety of reasons, such as acclimation, which is why it is often necessary to assess baseline cortisol levels as well as the magnitude of the stress response to determine the health of an animal. In this study, brown bullhead residing in the degraded stream demonstrated a reduced maximal stress response relative to individuals from the reference stream. Fewer brown bullhead were captured from the degraded stream due to low densities, and we were unable to be selective as to the size of these fish. Therefore, brown bullhead from the degraded stream were larger than those from the reference stream, and size/age of fish can cause differences in the stress response (Table 3; Fatira et al., 2014) . However, this size difference may not have been biologically significant as, based on other literature, even the larger individuals were still young and probably not sexually mature (Baumann et al., 1990; Scarola, 1987; Sinnott and Ringler, 1987) . Therefore, the reduction in the stress response was likely caused by other factors, such as attenuation, where elevated GC concentrations interact with receptors to inhibit continued release (negative feedback) (Barton, 2002) , or environmental pollutants that can interfere with steroidogenic cells that produce cortisol (Leblond et al., 2001) or inhibit its secretion, possibly through exhaustion of the HPA axis (Davies and Jackson, 2006; Hontela et al., 1992; Norris et al., 1999 ). An acute stress response liberates energy and prioritizes homeostasis to increase survival during short-term stressors. So regardless of the mechanism, a muted stress response may result in an inability to deal with environmental stressors (Barton, 2002; Romero, 2004) . This could ultimately lead to decreased survival in these populations.
Finally, logperch demonstrated an exaggerated (facilitated) response, which is sometimes seen when animals acclimate to a repeated stressor and then experience a novel stressor (Barton et al., 1985; Schreck, 2000) . In these animals, it is likely that negative feedback signals are not strong enough to inhibit the combined stimulus of chronic and novel stressors (Dallman and Bhatnagar, 2001 ). The fact that logperch are a sensitive and specialist species probably enhances this facilitated response. Together, our results show that different species residing in identical habitats can respond to environmental stress in different ways, highlighting the variation in physiological ability to cope under poor environmental conditions, as well as the difficulty of predicting the glucocorticoid dynamics in wild animals (Dickens and Romero, 2013; Sih et al., 2011) .
Interestingly, two of the five species examined did not demonstrate altered GC function despite residing in different quality habitats. More specifically, both pumpkinseed and white sucker showed no difference in either baseline or post-stress cortisol concentrations when compared across reference and degraded streams. There was no established time to maximal cortisol for all of the species examined, so it is possible that sample collection may not have occurred at the peak of cortisol concentrations. However, based on other related species (Acerete et al., 2004; Cook et al., 2012; Limsuwan et al., 1983; O'Connor et al., 2011) , the timing of collections was likely near that of peak cortisol concentrations, and samples were collected in a way to ensure minimal impact on baseline cortisol concentrations (Romero and Reed, 2005; Blevins et al., 2013) . The lack of an effect of habitat quality was unexpected as previous studies have demonstrated variation in the physiological properties of resident organisms in response to reductions in habitat quality. For example, removal of terrestrial habitat was found to affect baseline and post-stress corticosterone concentrations in spotted salamanders Ambystoma maculatum (Homan et al., 2003) . Similarly, Blevins et al. (2013) found that creek chub Semotilus atromaculatus collected from degraded watersheds (those dominated by agricultural land use) maintained physiological performance with a reduced stress response relative to creek chub collected from streams within forested watersheds (more pristine environments).
There are two hypotheses that could explain the lack of differences in the stress response for pumpkinseed and white sucker despite variation in habitat quality across the two sites examined. First, both species appear to be generalists (Leonard and Orth, 1986; Saint-Jacques et al., 2000; Tomecek et al., 2007) and previous work has shown that generalist species are less impacted by changes to environmental conditions than are specialists, likely because generalists have wider tolerance ranges, even though they may be less adapted to any single environment (Chevin et al., 2010; Minns et al., 1994) . Pumpkinseed and white sucker may also possess a large capacity to display phenotypic plasticity relative to other species in this study. In fact, the plasticity of pumpkinseed has been acknowledged as facilitating their invasion of Europe (Tomecek et al., 2007) . This would allow individuals residing in degraded environments to minimize the costly activation of the acute stress response. Not only can the capacity for plastic physiological changes vary across species (Chevin et al., 2010; Hendry et al., 2008) , but variable environments are more likely to result in plastic changes than more stable environments (Baythavong, 2011; van Tienderen, 1997) . Phenotypic plasticity can also occur based on the relative cost of inducing plastic changes to phenotype, competitive interactions, and evolutionary history (Hoffmann and Sgrò, 2011; Seebacher and Franklin, 2012; Sih et al., 2011; van Tienderen, 1997) It is therefore possible that habitat characteristics from the degraded environment (e.g., increased water temperature, more variable flow regime, more variable temperatures -see Blevins et al., 2013) resulted in plastic changes in the magnitude of the stress response in pumpkinseed and white sucker, thereby negating any inter-site differences in the stress response. Such plastic changes would be beneficial because they could eliminate any negative effects of chronic cortisol elevation, while still maintaining the ability to produce an acute stress response. Regardless of the mechanism, results from the current study clearly demonstrate that reduced stream quality did not influence the GC stress axis in some of the species examined.
Defining interspecific variation in the ability to respond to environmental challenges is critical for predicting 'winners' and 'losers' in the face of anthropogenic change (Angelier and Wingfield, 2013; Somero, 2010) . Current research suggests that phenotypic plasticity is critically important for the persistence of species through human induced environmental change (Hendry et al., 2011 (Hendry et al., , 2008 Hoffmann and Sgrò, 2011) . Quantifying the capacity for animals to display plasticity in traits can be done with a number of different tests and experiments; however, studies of this nature often only examine a single species across an environmental or longitudinal gradient (Hoffmann and Sgrò, 2011 ). In the current study, we examined the response of multiple species when exposed to differing levels of anthropogenic disturbance and documented a variety of physiological responses. This result was likely due to species specific levels of plasticity that dictate their ability to cope behaviorally and physiologically with an altered environment. Our results suggest that pumpkinseed and white sucker possess a greater ability to cope with human disturbances and may fair better than other species in our study as they continue to spread. These types of studies can determine which species are most able to survive in changing environments and greatly increase our ability to predict the outcome of human disturbance (Angelier and Wingfield, 2013; Cooke et al., 2013) . The use of tissue cortisol extraction proved to be a valuable tool that increased the range of fish sizes available for a study such as this, and enabled us to examine GC function in a taxonomically diverse group of species, including three orders, four families, and five genera. The application of tissue cortisol extraction allows scientists to address multiple novel research questions regarding habitat characteristics and its effect on small species or early life stages. Utilizing this technique would greatly increase the habitats, life stages, and species able to be studied with physiological tools, thereby increasing their contribution to conservation ecology as a whole. While quantifying cortisol from tissue extracts has been used in laboratory studies (Sink et al., 2007) , to our knowledge, the current study is the first to employ this methodology in the field.
By examining tissue cortisol in a stream community, our study revealed species-specific responses to the effects of stream quality on glucocorticoid function. We observed nearly the entire spectrum of responses, including no response, elevated baseline cortisol, a facilitated stress response, and an impaired stress response. While researchers have documented a variety of causes, we still cannot confidently predict the endocrine responses of chronically stressed wild animals (Dickens and Romero, 2013) . Without understanding the conditions that result in the various changes to GC function, it is hard to determine how animals are affected by changes to stream quality and to relate the findings of physiological studies to managers (Cooke and O'Connor, 2010) . From an ecological standpoint, any change in GC function -regardless of the direction -is potentially important (Dickens and Romero, 2013) . Studies quantifying baseline and post-stress levels can, therefore, be used to determine if populations are chronically stressed, and by examining many populations within a community, we can determine species most able to cope with changing environments. Studies of GC function in communities have the ability to improve the basic understanding of the endocrine response to chronic stressors and the relationship between organism-, population-, and community-level processes. This type of study will increase the ability of researchers and managers to predict how ecosystems will be shaped by anthropogenic environmental change.
